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Abstract 
This paper analyzes the parametric performance of different factors that influence the 
properties of metamaterial structure. Metamaterial is considered to be very promising in 
microwave engineering. The objective of this paper is to design, construct and fabricate 
microstrip antenna with and without Metamaterial structure i.e. CSRR to increase the 
features of microstrip antenna and the antenna is going to be used for wide number of 
application. 
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INTRODUCTION 
The applications involve the use of MPA 
is in various shaped in addition to the 
portability  it is easy to incorporate with 
more planar structure, low cost in 
realization and robust in implementation 
which has capability to provide dual band 
multiband wideband, It is not only easy to 
design and cheap in fabrication as well. 
 
So studying the performance of a 
rectangular patch when MTM is 
introduced above the height of 1.6mm 
from the patch antenna. 
 
DESIGNING AND SIMULATION OF 
RMPA & IMPLEMENTATION OF 
METAMATERIAL 
A RMPA at frequency of 1.5 GHz is 
introduced. CST software version 2018 
was used for designing. Following fig. 1 
shows the proposed antenna at the 
frequency of 1.5GHzand in fig2 patch with 
dimension is shown and then patch with 
discrete port is shown in fig 3 then in 
corresponding figure 4simulation of 
RMPA at 1.5GHz. 
 
 
Fig: 1.Geometerical representation of 
patch 
 
Desired Parametric Analysis 
  Calculation of Resonant Frequency: 
𝑓 =  
𝑐
2𝐿𝑒𝑓𝑓 ɛ𝑒𝑓𝑓
(1) 
 
   Calculation of Width (W) 
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Where, 
c = velocity of light in free space, 
εr = Substrate’s Dielectric constant  
 
Effective dielectric constant will be 
calculated by: 
ɛ𝑒𝑓𝑓 =
ɛ𝑟+1
2
+
ɛ𝑟−1
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Actual length of the Patch (L) 
L= Leff- 2ΔL                       (4) 
 
   Where,    
Leff=  
𝑐
2𝑓𝑟 ɛ𝑒𝑓𝑓
(5) 
 
Length Extension will be Calculate by 
∆𝐿
ℎ
= 0.412
 𝜀𝑒𝑓𝑓 +0.3  
𝑤
ℎ
+0.264 
 𝜀𝑒𝑓𝑓 −0.258  
𝑤
ℎ
+0.8 
(6) 
 
 
Fig: 2. RMPA with Dimension (mm) 
 
 
Fig: 3.RMPA at 1.5Ghz 
 
 
Fig: 4. Simulated S11 of RMPA at 1.5Ghz 
 
The reflection coefficient (S11) of this 
antenna is depicted in Fig. 4. The antenna 
is working at S band showing the return 
loss at -23 dB and 40MHz of bandwidth.In 
order to get the antenna effective and more 
directive the concept of MTM[6][7]needs 
to be introduced in the design. MTM 
structures are used to produce resonating 
bands, which raises the features and also 
help in miniaturization of an antenna. 
Modifying the initial design of MTM 
showing in fig4. 
 
 
Fig: 5. Simplified MTM Structure 
 
MTM is placed above the patch[8][10] and 
excited with waveguide port which lay on 
LH & RH on X-axis further it  is executed 
with boundaries condition shown in fig6. 
 
 
Fig: 6.MTM Structure with Waveguide 
Port andBoundaries 
 
Later , we need to prove that the MTM 
shows the Double negative property which 
means the negative value of ε,µ so by 
NRW Approach[9][11] we will prove the 
values of µ,ε  
µ𝑟 = µ𝑟 =
2.𝑐(1−𝑣2)
ω .𝑑 .𝑖(1+𝑣2)
(7) 
 
𝜀𝑟 =  µ𝑟 + 
2.𝑆11.𝑐.𝑖
ω .𝑑
.(8)   
 
By the above formula we will calculate the 
value of ε, µ [12]which shown in fig (7 
and 8) 
 
 
Fig: 7. Permeability
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Table: 1. signifies the calculated value of PERMEABILITY 
Frequency Permeability[µr] Re[µr] 
1.479 3.4432056091421-10.5638744424317i -3.401589 
 
1.480 3.4532056091421-10.5738744424317i -3.501589 
1.489 3.4452056091421-10.5838744424317i -3.6795740 
1.490 3.4492056091421-10.5638744424317i -3.797466 
1.500 3.4502056091421-10.608744424317i -3.9140394 
 
 
Fig: 8. Permittivity 
 
Table: 2. signifies the calculated value of PERMITTIVITY 
Frequency Permittivity[εr] Re[εr] 
1.479 -15.1275773489181-50.075019338489i -15.211189 
1.480 -15.1276773489181-50.07519338489i -15.33412189 
1.489 -15.1275773489181-50.075219338489i -15.51943103 
1.490 -15.1275873489181-50.075059338489i -15.67539259 
1.50 -15.1275793489181-50.075018338489i -15.79048318 
 
Later after findings the value of ε,µ in 
Table I & II it is clear that the mtm 
structure shows the negative value. So, the 
MTM[13][14] structure can be loaded in 
RMPA in fig(9) to get excellent 
parameters which rmpa alone was not 
efficient to provide and simulation is 
viewed in fig 10 at same frequency  it 
provide the Return loss of -25dBapprox 
with 56MHz  BW. 
 
 
Fig:  9. RMPAwith MTMat 1.5Ghz 
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Fig: 10. Simulated S11 of RMPA WITH MTM at 1.5Ghz 
 
Table: 3.Comparative Study of RMPA With & Without MTM 
S.NO. PARAMETER 
RMPA 
AT 1.5Ghz 
RMPA WITH MTM 
AT 1.5Ghz 
1 Return Loss -23dB -25Db 
2 Band width 40MHz 56MHz 
3 Directivity 1.8dBi 2.15dBi 
4 Gain 1.7dB 2.2dB 
5 Efficiency 75% 92% 
 
Comparative study shown in Table III 
RMPA at 1.5GHz with and without CSRR 
i.e. MTM structure 
 
CONCLUSION 
In this paper a CSRR design was proposed 
to improve the features of RMPA. Initially 
when rectangular antenna was planned and 
simulated it was seen that this particular 
antenna was not having sufficient 
parameter to be used in any wireless 
applications. 
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